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INTRODUCTION

In 1972, the US Army Aeromedical Research Laboratory
. (USAARL) established the Aviation Life Support Equipment
Retrieval Program (ALSERP). The purpose of this prograa is to
evaluate the effectiveness of protective equipment in the
alrcrait accident environment and to coatribute to the
improvement of this equipment through modificativn or develbpment
of new design criteria. Army Regulation 95-5 (chapter 10,
paragraph 10-13, page 10-19), and Department of the Army Pamphlet
385-95 (page 5-6, paragraph 6) requires all 1life support
equipment which is in any way fmplicated in the cause or
"prevention of injury to be shipped to this laboratory for
analysis., This report summarizes the findings of 208 Sound
Protection Helmet No. & (SPH-4) items which bave been analyzed in
the ALSERP from 1972 through 1982. In addition, a total of 14
Aviator Protective Helmet No. 5 (A®H~5) items are separately
‘analyzed and included in Appendix A. This paper will only ,
‘analyze nonc¢ombat injuries due to the forces experienced during
tha accident sequence (i.e., there are no bullet or shrapnel
injuries in the study).

”' HETHODS AND HATBRIALS
- The Arly's atandard flight helnet, oPH-A, replaced the
Navy-developed APH-5 in the 1970-1973 period and has been in
.continvous use since. Components and features of the SPH-4 are
ehown 1n Plgur*s l, 2, and 3.
Pertinent featurea of the SPH-4 are:?

1. ShCIL - 2. Snn thiek epoxy reein and fiberglass cioth,

2. Liner - Energy-absorbing 1. 33cm thick expanded polystyrene
" ‘with a density of 0.08 gm/cn . ,

3. Suspension - With two standard shell siiee, the adjustasble
headband and crown straps provide easy fitting for most
- wearers.

4. Barcopo - Large “"rotatable” design provides eesy fit and
‘ excellent noise attenvation. o

3. Acoustic Sealing - Tension cross straps in the shell provide
iaward pressure on earcup seals for excellent sealing and .
aasy fit for most wearers.

6.'.Ventiletion - Netu-al air eirenlation occurs above the
bead as showan in Figuree 1, 2, and 3.
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"fQThc SPH-4, with good fit made possible by the adjustable
earcups and sling suspension, provides outstanding noise
attanvation, especlally against low frequency noise (Bynum,

- 1968). The quality of the SPH-4 i8s controlled by wmilitary

dravings, specifications, and standards MIL-H-43925 (Department

- of the Army, 1975).  In addition, the acoustic, impact, and

retention characteristics of the helmet are verified for each new
procureunent lot, '

. HELMET ANALYSIS

‘The aﬁ:iyses in the main body of the report are confined to

the SPH=-4. A short review of the data from the 14 APE=-5 helmets
collected in this study are included in Appendix A.

~ A total of 208 SPH-48 have bean analyzed from 112 aircraft
accidents which occurred from 1 Januvary 1972 through
31 December 1982. Only & of these helmets were from €fixed wing
(O0V=-1 Mohawk) aircraft. The regst were from rotary wing
accidents. Tahle 1 shows the origin of the helmets by afircraft
and seat location. ‘ : :

Each helmet was analyzed by USAARL's Aviation Life Support
Equipment Inspection Team which included engineers, a flight
surgeon, an aerospace physiologist, and a life support equipment

- specialist. This team conducted a thorough review and .analysis

of each case and was responsible for completion of the data
collection form shown in Appendix B.

The form is intended to record qata in four areas:

l. General information about the accident (questions 1-5,.9, and
10)0 ) . R ,

2,. 'Information about the helmet and its performance (questions
’ 6-8’ l"ls, 20’ 21’ 27’ and 28). o : .

3. .Intorigcion concerning the aviator's iﬁjuriel (queo;i&ns .
11-13, and 19). . ' -

4. . Damage to the various helmet components and causes of such
' damage (questions 22-26, 29, and 30).

. Data for areas 1, 2, and 3 usually were obtained by’
reviewing the official report of each eccident, DA Form 2397,
"Technical Report of US Army Aircraft Accident.” When necessary,
the inspection team would comaunicate directly with medical
persnanel or other inversntigators who were involved in a

~Particular accident. All head injuries were graded according to

severity using the "Abbreviated Injury Scale” (ALS) as a guide

7

TeT .
LN

L JOPRCAVIRIIIRE ) 3PS

...-.v.< ,
TSI e
'- YU N T

e
p i
.2l IECATRVRRLAE N

_,..,...
Y PN
deta el

PORLY B AR

Y )
AT D
a'a

LXARLERTS By CORFUR AP 508 B GRS

AL B HELH

o
AL

XA FEARARS by RENRIICIE 18




C I

R kA

e

(Joint Committee of the American Medical Association, 1976). - The
AIS system was used to quantify a broad. range of head injuries
into categories of" 'varying aeverity. A summary of this scale is
shown in Table 2. ;

‘In-1980, the Joint Comnittee published an updated AIS

system which made significant changes in. the method of coding
head injuries. Because the majority of our data was collected

‘and coded using the earlier system, it was elected to continue

usidg it in our current analysis. Future studies in our

" continuing ALSERP data collection will use both systems in

order to keep up with the most modern evaluation techniques
vhile allowing us to refer to the cutrent data base findings

'for couplrilon.

: TABLE 1
_AIRCRAPT IDENTITY AND HELMET HEARER SEAT LOCATION
" BREAKDOWN OF HELMETS . LOCATION OF SPH~-4 WEARER
- .. BY TYPE AND MCDEL .. IN THE AIRCRAFT
OF AIRCRAFT | ~ -
WE-1 - 115 - | PILOT OR COPTLOT 157
;~3Aa-1 C 22 | iEPr passeneer 19
ou-s8 45 | MIDDLE PASSENGER 13
"CH=-47 8 RIGHT PASSENGER 14
ov-1 4 UNKNOWN o 5
TE-13 2 o
| TOTAL | . 208
. TH-55 4 T |
. OH=6 4
CH-54 4
. TOTAL - 208

, Each hel-et vearer was placed into one of thtee'
cacegoriea based on head injury and helmet performance. The

'”g'turvivable .category consisted of those individuals who had

L > "

<
5

N A S e e L T

either no head injuries or nonfatal head injuries.:
Individuals with f=2t2. injuries vere placed in either the
nousurvivable cacegory or the potentially. survivable category.




;frctentielly’entvivnble head injury cases vere those in which
" ‘the inspection team was convinced that an improved helmec of

:ﬁnteeeibre design (generally one with improved energy absozption

2. and retention capability) would have lessened or prevented the
. tndividual's injury and thus prevented the fatality.
.= ';slonturviveble cases were those in which it was determined that
.. no feasible improvement in the helmet would have been of
"benefit. to the wearer under the circumstances or the accident.

CoIt fis.the . sutvivable and potentially survivable cases which

:'f;%nre ‘most productive for suggesting performance changes for

£ntute helnete.

‘ B . TABLE 2 : ‘
sumu OF ABBREVIATED INJURY scu.z conzs*

~ (No unconsciousness; nasal fracture,
-superficial scalp lacerations, dizziness,
heedeche) .

f?(< 15 nin unconecioueneea° Iineer fracture,’
“"" Tionner ear injury with deefneee or vertigo,
- retinal detachnent, deep eeelp laceration)

.bg:i(> 15 min unconecioueneee- eye avulsion,
. otbit frecture, ethmoid frectute) '

$5(Unconeciouc < 12 hrs with neurologicel
- deticit- life threetening)

- ?(Unconscioue > 12 hrs with nentoiogieal
o defiedts eurvivnl uncettein)

] dI(Currently untreeteble, pettiel or conplete
nrfﬁ decapitation, cruehed skull) .

*The Abbreviated jury Scele.

i .:u, It

o BELHBT DAHAG! BVALUATION

- Bnch helnet vas exnnined externally and 1nternelly at
USAA!L to determine the number, severity, and location of all
impacts due to the accident. Impacts were defined as any

- ecountact; -0f the external shell of the helmet with environmental

objects sufficient to cause either external surface changes,

compression of underlying foam, or both during the course of
~ the c:eeh sequence. :
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Helmet damage was cataloged according to location, type
of shell damage, approximate amount of foam compression, and
lhape of inpact autface. o

Location. The helmet was divided ‘into five large areas:
‘erovn, front, rear, left, and right sides (Figure 4).
.. These five areas wvere further subdivided as indicated in
co Appendix B. ' (The smaller lubdivisions were not used in

1.

- o i ghe” ‘current analysis.) As -any as five impacts per helmet

AR were cataloged by Ioca;iou in these five areas.

Division of Helmet

"~ - FIGURE &, to Detérnine.lmpacf Location.

' . s

Shell Damage. - Shell danlgc was recorded qualitatively for .
each inpact area Damage was described using the ‘
folloving tcrnc' -

2.

i

!»Frlcturct Belnet -hcll vas broken through (severed or

. separated).

Punhturc? A small shell puncture with evidence of a
chnrp object penetrating through the helnet,

S T
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4.

3. Materisl Missing: Shell material was torm out,

usually due to extreme deformation or tangential
impacts. : '

“Al”ﬂnclaaindtion:' Shell laminae separated; 1i.e., the

cement binder between the cloth piles fafiled. This 1s
indicative Of considerable inbending which causes
“shear stresses between laminae. Foam was alvays
27 compressed beneath a delaminated a~ea.

-S."Gonge' A thin deep section of pnint and shell carved
- ‘out’ by s sharp object.

-

';BiffAbraoion. A vwide portion of shell worn avay due to

dragging across a rough -urface.

7. No da-age: " No da-age of any consequence to the shell,
but evidence of impact pressure to the surface exists
(e.g., paint scraped or discolored; traces of the
lubntance of the;iupaet surfaco ar. present).

Foam Co-presston.b Foa-.co-prelitonwval dcteriined with a
measuring device as shown in Figure S. Areas of
compression were measured and the maximum amount of

" compression was recorded for each impact. Earlier work
(S8iocbodnik and Nelson, 1977) had shown that the liner

tended to rebound after compression so that the final

' thickness was rarely greater ths= 40 percent of the
. uncompressed thickness after 72 hourcre. This was true even

41f the initial compression had been gresater than

90 percent. Since most of our helmets were shipped to us
.at least one week after the accident (at the earliest) any
residual foam compression in our ALSERP material which
'exceeded 50 percent was conlidered s maximal compression. -

Shape of I-pact Surface. Impact autfacel were described
as one o! the the following. :

‘_lf, Flat: Consiltlng of a ;oughly'plthnt surface.

26 Concavci-'ﬁavlng a hollowed-out and rounded surface.

This is typical of impacts with aluminum sheet metal
surfaces which mold to the ohnpe of the helnet such as
the roof of the nircrlft.

3. Rod: A cylindrical nbject'of 3 cm or more in diameter .
. encountered perpendicular to its axis.

b o i M05 t eli  Aenb i 4105 1, e e Sy e
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3.

6.

7.

aardia

Box Corner: A three-gided, pyranid-shaped sutface
encountered roughly at its apex.

Wedge: A surface approximating the intersection of two
planes encountered roughly along the line of intersection
of the planes.

uelilphete A nearly spherical or- rounded sutface with a
radius of 5 cm or more encountered roughly perpendicular
to its surface curvature.

Unknowvn: A surface which did not phnc:ure the helmet
shel]l and which inflicted blunt damage that was
indeterminate between that seen with the f‘a: and concave
types of impact aurfaces.

FISURE 5., Dial Cage Arrangement to Measure Foanm Thickness.




RESULTS

In all, 208 SPH-4 units were reviewed along with the injury
records of their vusers. Of these cases, 103 were survivable, 48
vere potentially survivable and 57 were nonsurvivable. There
vwere 17C cases of injury to the head, face, or neci:z. Of these,
117 cases iavolved only injury to the areas of the head covered
by the helmet shell with no facial or neck trauma. Responses to
questions 11 D and E indicate that in 82 of the 208 cases (39.4
percent) the vsers would have received less severe injuries with
an improved helmet. (See Table 3.,)

o : TABLE 3 , |
FEATURES IDENTIFIED AS POSSIBLE IMPROVEMENTS

FACTOR o NO. OF TIHES ID?NTIFIBD
Increased energy #bsorbtion in liner o 52
Stronger chinstrap fastener - 27+
Enetgy?absotbing earcup | 24
Ilproved,tetentioﬂ aygten‘ | - 16
Inprovid‘f#ciallptotectioh“ . : 13
Increaa¢d pun§ture‘renistsnéeAV S 1

* An improved fastener lystén_was inple-ehted in i978.which

has eliminated the problem of helmet loss due to fastener

failure. . , '

The distribution of head injuries in terms of severity on
the AIS system is depicted in Figures 6 and 7. AIS values range
from zero (no injury) to six (currently untreatable; usually
fatal). All AIS values of three or more are considered life
threatening. ' ' :

13
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Of all 208 helmets, 43 (20.6 percent) came off the wearer's
head during the crash sequence. In 27 of these cases
(2.7 percent) the chinstrep fastener unsnapped under loading.
In 16 cases (37.3 percent) the retention assembly failed either
by tearing away from the shell, rotating forward over the head
due to chinstrap slack and excessive chinstrap stretch, or
primary failure of the fabric under stress. These data will
receive furthar analysis in a future report. The cauges of the
helmet losses are listed ia Table 4., An evaluation of 32
survivable and potentially survivable cases reveals an average
AlS score of 4.3 for those who lost their helmet versus aa
average AlIS score of 2.7 for all survivable and potentially
survivable cases.

TABLE 4
CAUSES OF 43 HELMET LOSSES (SPH=4)*

Retention system failure : 34
Chinltrnp faatenet failure : .27
Inpropor wvear (i.e., atrap not

fastened, etc.) | 6

.

* Hbro than.dho cause applies to some losses.

' Tadble 5 shows that in survivable and potentially survivable’
sccidents 24 percent of the cases in which the helmet was

‘"retained received no injury as opposed to only 5 percent when the

helmet was lost. Severe injuty resulted to 25 percenc of the

‘helmet retained group, ver.u. 67 percent for the helmat lost

group.
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: : , TABLE S :
HEAD INJURY RELATED TO HELMET RETENTION.(SPH-4)*

AIS CODE

HELMET

STATUS NONE MILD MODERATE SEVERE TOTAL

. (AIS 0) (AIS 1-2) (AIS 3-4)  (AIS 5-6) '
LosT |1 (52) 2 (10%) © & (19%) 14 (67%) | 21 (100%)
RETAINED|30 (2£%) 56 (45%) 8 (6%) 31 (25%) | 125 (100%)
UNKNOWN | 0 (0Z) 2 (40Z) 0 (0%) 3 (60%) 5 (100%)
TOTAL |31 (20%) 60 (40Z) 12 (8%) 48 (32%) | 151 (100%)

#*Nonsurvivable cases excluded.

Two comparisons wefe made rcgarding'fatality rates and the

' pblition of the visor at the time of the accident (Table 6). One

included all 208 cases, while the other was limited to the 91
cases vwith facial injuries. The results in both analyses
indicated a 47 percent fatality rate whenever the visor was not
being-utilized. When the visor was being used, the fatality rate
became 29 percent for all cases and 19 percent for cases
involving facial injuries.

TABLE 6

'FATALIIY COMPARED TO VISOR POSITION '
AIT Cases ' Facial Injury Cases
Visor Position] Fatalities Total fata{itiel - Total -,
_UPw 40-(47%) 86 (1002)| 20 (47%) 43 (1002)
DOWN - 10 (292) 35 (100%)| 3 (19%) 16 €100%)
UNKNOWN 55 (63Z) ' 87 (100%)| 22 (69%) 32 (100%)
TOTAL 105 (50.5%, ‘208 (100%)| 45 (49.5%) 91 (100%)

* In the "up” poiition.rthc visor.doe- not protect the face,
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Table 7 shows the frequency of impacts for the helaets in
the stvdy associated with survivable and potentially
survivable casecs. A single impact was most frequently
observed (40 percent). Most of the helmets with two or more
inpacts usually had one major impact with one or more less
severe 1-pacts.

TABLE 7
NUHBER OF IMPACTS PER HELMET (SPB-C)*

NUMBER OF IMPACTS  NUMBER OF HELMETS ~ PERCENT OF TOTAL

0 o 16 ’ 11z
1 61 S 40%
2 0 ‘ 27
3 1s ' 122 .
4 14 9z
X 2 1z

. TOTAL : 151 . 1092

* Nonsurvivable cases excluded.

8ix helmets had evidence of sanell punéturc; Only one was f

considered survivadble. The z her five were considered
nonsurvivable by the inspection tean; no heluet of ressonable

~design uvsing military standards and current state-of-the-art
technology would have protected the aviator fron the sharp edged,
_tigid object which the helmet ntruck.

Table 8 lists the various lhayco of tlpne: surfaces for the

most severe impact for each helmet and the frequency of
occurrence versvs the severity of the damage sustained.. Flat
surfaces were the most fruquently cncountatcd 1-pactors

(60 porccnt).
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: TABLE 8
IMPACT SURFACE OF THE MOST SEVERZ IMPACT*
Impact AlS Tcetal |Percent|Average
Surface of 1§ 2| 3| 4| 5| 6| Impact| of AIS
Shape $ Total :
 7lat 11{27|10f of s{11{17{ 81 60.00%| 2.77
 Rod of 2| 3{ o 2| 2{ & 13 9.63%| 3.84
~ Concave a2 1] 1 2| 1| 1| 8 5.932| 2.75
‘Box Corner | of 3| 1| of of 2| 2| s 5.932| 3.38
Wedge 4l of 1/ ol o of o 5 3.70%{ 0.40
ucniléhcto 1] 0f O ¢ Of 1.1 3 2.22%) 3.67
oknown | 6| 4| of of 2| 3| 2 17 12.592] 2.29
TOTAL 23{38|16| 1{10/20{27| 135**|100.00%| 2.77

Vv‘Mibniuivivabchcnnesycicldded'

%% 16 helmets had no 1npactl.

Impact location 'll rccordcd for the mos3t severe 1npect on

each helmet as shown in
the smallest in surface
~highest total number of
impacts per unit area.

impacts, but the impact

Tabdle

area (206 ca

18

ihough the frontal area is

), it received the second
impacts and had the highest density of
The sides had the highest total number of
density vas only 37.6 -percent of the
density of froantal impacts while the nvcr:gc AIS for this area
was Lhe highoot of the four locations.
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. TABLE 9 _
LOCATION OF MOST SEVERE IMPACT#*

4

Sttt e
3 el
IR Al

»
4 ‘ X

4%

LOCATION TCTAL IMPACTS SURFACE AREA IMPACTS 'AVB?AGE AIS

'y
P
e ¢

(#) (sq. cm) PER

UNIT AREA .

(sq. cm) ol

CROWN 35 411 0.085 2.71 e
FRONT | 43 204 0.210 1,95 . B
SIDES - 49 614 0.079 3.51 g3
REAR 8 - 226 0.035 . 3.00 -
, : - v s

NO IMPACT 16 - | - . 1.87 1 R
TO HELMET ' W
TOTAL 151 1455 . 0.104 . 2.58 <
- R..

* Konsurvivable cases excluded. X

The relationship between foam compression at the site of the : ;3

most severe impact and the head injury sustained by the wearer is ::
shuwn in Table 10. Only in 11 of these cases (8.1 percent) was s
the foam close to having been fully utilized ( >50 percent i
compression.) There were 15 cases involving AIS 5 and 6 injuries {ﬁ:
in which there was 10 percent or less foam coapression in the e
examined helmets. These cases involved helmet losses in which wea
the major injury occurred after the helmet had come off. B Al
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: TABLE 10 |
FOAM COMPRESSION AND HEAD INJURY*

Percent Foam Compression |

0% 1-10% 11-20% 21-30% 31-402 41-50% >50% TOTAL

AlS

s W N

[-

13 w1

8 12 3

[
[ od w
- o

~ & (=]
O & = O
W = = O
N W e

- W N e
® W N O
N N N O

23
38
16

1

10

20
27

TOTAL

35 40 10 11 11 17 11

155%%

* Nonsgtvivablé cases excluded;

%% 16 helmets had no inpacts;
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. FIGURE 8; Example of Damaged Earcup.

Forty~two cases 6f‘eateup damage were noted, and only four
of these cases had AIS values below five., Figure 8 depicts
representative earcup damage. Thirty of the 42 cases -

(71.4 percent) were considered survivable or potentislly
survivable. 1In 18 of these cases, all circumstsnces indicated

that an. energy~absorting earcup- would have lessened the severity
. - of the injuries sustained.‘




DISCUSSION

Our sample of 208 helmets includes 170 caeses involving
head, face or neck injuries for the time period from
1 January 1972 through 31 December 1982. For the same period,
a review of US Army Safety Center data indicates that a total
of 340 cases involving head, neck or face injuries occurred in-
. aviation uishaps. This veport reviews 50 percent of all
aviation related head, face, and neck injuries which occurred
Auring this period. Our experience with this collection is
that helmets involved in more severe injuries were more likely
to be gsent than those in which little or no human injuries or
equipment da-age occurred. Despite such cautions, our opinion
is that this data base is large enough to allow us to make
vaIid inferences regarding SPH~-4 perfornance. ’

, ~He believe that in one-third of the cases the level of
injory could have been lessened if the helmet had improvements in
one or more of the features ideniified in Table 3. The first
four of these features are to be improved in the new integrated
flight helmet which the Army currently has wunder developument.

Twenty-ona» vercent of the nelmets we received were not
retained on the wearer's head at the time of impact.
Individuals who lost their helmets sustained significantly
more severe head injuries than those who retained their

"helmets, but this data may be misleading for several reasons.

Helmets lost at impact were easily identified by on-the-scene

- investigactors and were highly likely to be sent to USAARL for

. analysis. This might artificially inflate our helmet loss

" rate, One would expect the injury peverity for those who lost

helmets to bé higher not only becau
. but also because the impact causing
' bg_quite,severe compared with impac

In the aiddle of the 19708, US
- of chinstrap fastener failure causi
issue chinstrap had a single snap f
vas designed to withstand a 150-pou
failed. In 1978, this was replsaced
chinstrap incorporating two snaps o
250-pound failure limit. The curre
to the re¢iention harnees on one sid
other gide with a 300-pound failure
introduction of the modified 2-snap
have not been any helmet losses due
failure alone. This improved perfo
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e they lost their helmets,
such,a loss was. likely to
s not cavsing helmet loss.

ARL recognized the problem
g helmet loss. Then the
stener on each side and

d pull before the snaps
with the double-Y

each side with a

t issue chinstrap is fixed
and has two snaps on the
limit., Since the
chinstrap in 1978, there
to chinstrap fastener '
rmance should be noted when




reviewing heimet retent

ion data over the entire time period of

the study, and also when reviewing the lisat of possible

1-prove-ents in Table 3

As shown in Table
percentage of fatalitie
utilized. This was tru
iavolved., Unfortunatel

6, a substantial decrease in the

8 exists when the visor is properly

e whether or not facial injuries were
y, only 29 percent of the helmet

wearers in this study were known to be properly using their

visors at the time of t
ve strongly urge that t

. flight operations. We

with the current Night

of our current and proj
Other measures to prote
form of padding or inhe
1nto future NVG and sig

. The’ original acryl
substantial polycarbona

~of SPH-4s (i.e., 25,000

visor ‘while more. than 8
polycnrbonate visor, th
sample from the period

Unfortunately, the exac
visors was not recorded

-collected under ALSERP
" -helmets previously coll

determine this ratio an
injuries suffered by th

" Flat surfaces were
(60 percent) and should
regard to surface impac
(1.e., rod) was next in
followed in frequency b
greater transmitted acc
the flat surface due to
compression. Next came
surfaces, respectively.

- were from surfaces othe
- nearly half of these we

most likely nonconbat r

 The’ avetage AIS fo
potentially survivable
average AIS in this gro
(3.84) which accounted
least severe occurred w

- which accounted for 3.7
‘Hemisphere-shaped impac

he accident. Ia view of our results,
he visor be used at all times during
recognize that this is not possible
Vision Goggle (NVG) system or with some
ected target aquisition equipment.

ct the face from impact fnjury in the
rent crushability should be designed
hting prototypes.

ic visor was replaced with a more
te model in 1975. Since only 25 lots
helnets) were issued with the acrylic
0,000 SPH-4s8 were issued with the
e vast majority of visors in this
after 1975 were probably polycarbonate.
t ratio of acrylic to polycarbonate
in this study. All subsequent helmets
will have this feature duly noted. ' The
ected will be reviewed in' the future to
d relate the type of visor to the
e wearer in a future report.

the most frequent impactors

be considered the primary threat with
ts. A cylindrically-shaped surface
frequency at 9.63 petrcent. This 1is
the concave surface which causes a
leration and furce to the head than
the larger area of foam under
the box corner, wedge, and hemisphere
In all, 21.48 percent of the impacts
r than the flat or concave type and
re rod-shaped. These represent the
lated causes of shell fracture.

the‘sanple of survivable and
ccidents was 2.77. The most severe
up was seen with rod-shaped surfaces
for 9.63 percent of this sample. The
ith the wedge-shaped surfaces (0.40)
0 percent of the total.
tors accounted for only 2,22 percent of

- 23




" this sample and had an average AIS of 3.67. The average AIS

with the flat surfaces was 2.76, which corresponded to

60 percent of the sample.

Most of these injuries were from bluat trauma, not froam

'punctnre of the shell by sharp objects. Increased

flexural-stiffness to prevent puncture leads to increased shell

weight. Comsequently, the energy-attenuvating foam is decreased

 in thickaness to - keep the helmet lighter. We feel that this is

self-defeating. A lighter helmet shell would allow the use of

_thicker foam. An increase in foam thickness should lower the
- severity of injuries with all types of impact surfaces except for
" the most rigid and’ sharp edged ones.

Thc current weight limit for the SPH-4 set by Army standards -

1- 1 56 kg (3.5 1b). This figure was not empirically derived,

but based on comparison with other types of vehicular protective'’
helmets., It was felt that this limit was reasonable for the sake

" of comfort and as a baseline weight which could be increased with

the addition of other accouterments to the helmet (i.e., NVG, NBC

'}cnoe-ble, etc.). The current weight limit does not seenx to pose

a majlor proble- in terms of safety or comfort and allows the use
of sufficient features to make the helmet highly effective in

' 'prcventing 1njuty.hb

Prenent ltandards (Depatt-ent of the Atny, 1975) require the

.~SPH-6 helmet to de impacted onto s hemisphere. This standard is
unrealistic as only 2.22 percent of the 135 helmets involved in

survivable or potentially survivable incidents received impacts

- from a hemispherical object. The impact of the 4.8 cm round

surface against the rounded helmet results in a highly
concentrated load as compared to an impact against a flat

. surface. The concentrated load requires a relatively thick shell .

to provide sufficient load distribution to prevent. excessive

-in=-bending of the shell and “"bottoming”™ (i.e., complete
'COlprolcion of the foan) during inpact.

" The f‘berglasa shell of the SPH-4 accounts for approximately

35 percent of the total mass of the helmet. The shell could be

be reduced to half of its current thickness and still provide
adequate load-spreading if the energy-absorbing foam liner were
increased in thickness by 50 percent. With such a change,
Rolsten and Haley (1983) have shown that the transmitted force to
the head also could be reduced by half in impacts with flat

~ surfaces. The thicker liner would necessitate a larger shell

diameter and increase the surface area by about 30 percent.
However, because it would be only one~half as thick, the weight
of the shell would still be 35 percent less than that of the
present model. With the addition of a new, lower density foam,
the total veight of such a fully assenbled helmet would be

1. 34 kg (3.0 1b).
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In order to meet the current standard, the fiberglass helmet °
shell must be thick (2.5 mm) and heavy. The foam required inside
the helmet also needs to be more rigid dand consequently it is
less effective as an energy-attenvator. The relative lack of
helmet punctures in our accident data argues against the need for
such a thick, heavy shell. (It should be noted that the SPH-4
specifications require no ballistic penetrationm protection.)

As shown in Table 9, cases with impacts to the front of
the helmet had relatively mild injuries. The foam liner in
this area provides good coverage, while the visor cover (and
possibly the visor) provides added protection to this area.
Also, the frontalis bone is the thickest and most durable part
of the skull's anatomy, and trauma to this area is generally
less severe than for other areas of the skull. Those cases

with no discernable helmet 1mpacts suffered 1njur1es ‘mostly to
the face and neck.
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Impacts to the side area of the helmet were responsible
for more severe injuries than impacts to other areas. The
lack of foam in this area (as shown in Figures 2 and 3) and
the presence of the extremely rigid earcup are responsible for
these severe injuries. The current rigid-plastic earcup
doean’'t yield on impact. A “crushable” earcup which would be.
abie to ahsorb energy during impact has been developed by

. USLARL under United States Army Contract DABT 01-79C~-0250-1.
The design is based on tlhe requirement that the acoustical
protection should equal or exceed that of the existing earcup
and that the crushing characteristics of the earcup should
provide enhanced impact protection to the wvearer's head. One
such prototype earcup constructed of convoluted aluuinum is
compared with the present earcup in Figure 9. The
specifications for the planned replacement ‘helmet for' the

"'SPH-4, the Head Gear Unit No. 56 (HGU-56), requires the
,1ncluaion of an energy-absorbing “crushable™ earcup.

IS BAFLAFAAY AR

Figure 10 compares the force versus time of the present
earcup and the experimental convoluted aluminum earcup, The o
‘reduction of force from 22,400 N down to 5,800 N is a definite
- improvement and would surely contribute to injury teduction as
. indicated by Haley et al., 1983,

»
s

ﬁ Major impacts to the rear of the helmet were associated
N with more severe injuries except those suffered on the sides.
) The low numbes of such i{mpacts in this study emphasizes this
.‘9 :

severity., Future helmet designs should include larger area -
coverage in the rear to counter this proble-.
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FIGURE 9. Present Earcup Pre~ and Post-Impact (A and B)
' Experimental Earcup Pre- and Post-Impact
(¢ aod D) | |

P
! N

A review of Table 10 shows that severe head injuries (AIS
3 or greater) are occurring with a minimum amount of residval
foam compression. ' For example, 28 AIS 3 or higher injuries
(21 percent of the total; 38 percent of the AIS 3 or higher
cases) occurred with less than 20 percent foam compression.
On the other hand, the foam was fully utilized (D>50 percent
compression) in only 11 cases (8 percent of the total), all of
which were AIS 3 or greater (15 percent of the AIS 3 or higher
cases). In essence, the data show that the "crushable” foam
does not compress at a low enough load. We believe that the
present foam liner, which crushes at a strecs value of 140 psi
(10 kg/cm2), as shown in Figure 11, is five times more than
needed. Note also in Figure 11 that a polyurethane foam of 44
percent the density of the present SPH-4 polystyrene foam
provides much better energy absorption. USAARL experimental
dynsmic tests have shown it is possible to reduce the average
sccelerastion of a helmet dropped from a 2.44m height from 150g
with a standard helmet to approximately 75g with a modified

helmet by the substitution of a liner 3.5 cm thick -and a lower:

cerush strength. Recommended stress-strain properties for the
helmet liner &lso are shown in Figure 1l. As discussed ear-
lier, this liner. of decreased density and increased thickness

can be provided in flight helmets without significantly alter-.

ing the overall helmet in size aud weight. The use of com-




pressive stress versus strain as design criteria to meet

various standards is discussed in more detail by Haley et al.,

. 1983.

FORCE~POUNDS
: :
FORCE~KILO NEWTONS

§

FIGURE 10.

[ ] of

Force~Time Trace of 9.68 kg-m Drop Onto

o

1.84 Meter Drop MNt.

4 é 'I 10 12 14 16 18 20
TIME~MILLI SECOND

Standard and Experimental Earcup.
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COMPRESSIVE STRESS

FIGURE 11.

(:om:ssmn - PERCENT

Compressive. Stresl~8tra1n Curve of Present and
Bxperinental Foam.




l.

2.

3.

4.

5.

6.

7.

CONCLUSIONS

Retention of the helmet by the wearer during the accident
sequence was associated with a significant reduction in both
the anumber and severity of injuries as compared to those '
individuals whose helmets came . off.

The improved chinstrap systems introduced since 1978 have

‘eliminated the chinstrap failure probiem.

I“hen the facial visor was utilized properly, there was a

significant decrease in the percentage of fatalities and a
consequent increase in survivadbility for the wearer during
all accidents whether or not facial injuries were involved.

The most common impactors in peace time accidents in US Army
aircraft are flat syrfaces. There is a minimal threat of
severe puncture damage. Current standards for puncture
protection in aviation helmets make them excessively rigid,
and heavy. Consequently, the energy-attenuating foam liner
is less compressible and absorbs less of the impact energy
than it night.

Impacts to the sides of the helmet are associated with higher

. ALS levels than any other area. This is due both to the lack

of compressible foam in these areas and the rigidity of the
,plgatic earcups.

I-pactl‘to the rear of the helmet although small in number

‘" are associated with higher AIS levels than any area except

the sides. This may be because the helmet tends to rotate

forwvard during the deceleration experienced on impact if the
. aircrafz has significant forward. velocity at the time of the.

crash. This may permit impacts to the vanprotected head at
the lower edge of the energy-absorbing liner as the wearer s
head and torso rebound during the crash sequence,

The fonn used in the SPH-6 liner 1s not conprelaing at a low
enough load to prevent many of the injuries wve see,’

LR g d RV RFSad

L

e e s g o

e re S ummmm e w4 s e



RECOMMENDATIONS

In light of our concluaionl. the following reconnendations

ars Ild..

"1
2.
5.
_4.

3.

6.

Currcnt us Ar-y flight helmet standards for puncture
protection should be lessened to allow the use of a thinner,
lighter shell and more easily crushable foanm.

The foam liner in tﬁe'helnet should be made thicker, made
less dense, and should cxtend to cover the sides and rear as
far as pocciblc.

PFuture impact testing of the SPH-4 should uae.flat surfaces .
instead of hemispheric ones as the primary tect of enetgy
abootption.

An anctgy-.boorbing éarcup should be designed and deployed
for the SPH-4 and such requirements should be a part of all

'futurg.hclnet designs.

The visor should be worn down at all times during flight
operations except vhen the use of Night Vision~ Goggles or
target Acquilition equipment prohibits .it.

Future prototypcs of Night Vision Goggles and target
acquisition equipment should incorporate crashworthiness and
energy—attenvating features in order to compensate for the

©  less of visor protection.
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APPENDIX A
‘Aviator Protective Helmet No. 5 (APH-5) Performance

DESCRIPTION

"The APH-S5 wes the first production US Navy helmet to
‘wtilize a polystyrene energy-absorbing foam liner. The helmet
was introduced to Navy flyers in the mid~-50s, and wvas the
first official US Aray aviation helmet. The APH-5 color was
changed from Navy white to Army green. .

Pertinent features of the APH-~5 were:

a. Shell- ].6mm thick epoxy or polyester ‘resin and
fiberglass cloth layup prov‘ded in small, medium, and large
.i‘.. .

. be Liner- !nergy-nbsorbing 1.3 cm :hick expanded
polyltytcnc foan wvith density of .08 zulcn3.

R cnsion- Provided by three leather-covered foam
_pldo locn 3 at the front, crown, and rear of the helmet.
Three dittey.nt pad thicknesses were provided.

'de. Earcups- Plastic foem type with a éovcrod spring to
provide a seal.

c(: Ventilation~ None provided since the pads used the
“dbreathable space™ between the foam liner and the head.

f. Visor- One single full coverage acrylic lens was
used. : . .

g- Retention- A.webbing chinstrap was attached directly

to the lover edge of the hcl-et on eichcr side and fastened by
.8 olng)c lnap-f.st.ncr.

The APH-S ptovidcd impact pro:ecttdn nbout equal to that
of the SPH-4 for flat surface impacts; however, the noise
sttenuation capability was poor in comparison with the SPH-4,
wvhich was specifically designed as a sound protection helmet.
The SPH-4 had an integral earcup-retention system which was
designed to give a tighter and more sound-proof seal around
the ears while fixing the helmet more securely to the head
using both a chinstrap in the front and a napestrap in the

tesr. The SPB-4 was introduced into the Army inventory in the:

early 1970s. Tho APH=-5S rapidly bacane o»ooletc and wvas
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removed from active service and repléced by the SPH-4 which
remains today the onl)y authorized helmet for US Army- aviation
personnel.

RESULTS

There were 14 APH-58 in our records. Of these, only
seven were involved in survivable or potentially survivable
accidents. In Table A-]1 the helmets are broken down according
to the number of impacts per helmet. As in the SPH-4 data

from Table 7, most of the helmets received only one major.
1-pact.

TABLE A-|]
NUHIER OF IMPACTS PER HELMET (APH-S)*

NUMBER OF IMPACTS NUMBER OF HELMETS PERCENT OF TOTAL
None . 1 | 162
1 5 72%
2 ' 1 14%
3 | 0 - 0z
TOTAL ‘ 7 _ 1002

* Nonsurvivable cases cxcludid.

From Table A-2, we see that 5 (36 percent) of the total
14 APH-Ss were known to have come off the vearer's head during
the crash sequence. This should be compared to 43
(21 percent) of the 208 SPH-4s from Table 5. The: causes for
helmet loss are listed in Table A-3. Injuries were more
l1ikely to be severe if the helmet was not retained during the
accident as in the SPH~4 data. This proves that the foam
liner was as effective an cncrgy-lttenuator in this helnec as
it vas in the SPH-4.
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TABLE A-~2

HEAD INJURY RELATED TO HELMET RETENTION (APH-5)
AIS CODE
- HELMET :
STATUS NONE - MILD MODERATE SEVERE TOTAL
1(AIS 0) (AIS 1-2) (AIS 3-4) (AIS 5-6) '
LOST 0(0Z) 1 (208) 0 (0Z) 4 (80%) | 5 (100%)
RETAINED| 3 (37.5%) 2 (25%) O (0%) 3 (37.52)| 8 (100%)
UNKNOWN | 0 (0Z) 0 (0Z) 1 (100Z) O (0%) 1 (100%)
TOTAL | 3 (21.5%) 3 (21.5%) ‘I (72) 7 (50%) 14 (1002)
' TABLE A-3
) CAUSES OF 5 HELMET LOSSES (APH-5)*
3ctcition system fnilﬁre f_ 1
Chinatrsp fastener failure ; 2
Improper wear (t.e., strap not
fastened, etc.) ' . 2
DISCUSSION

Aside from henring protection, the APH-S perforned in a very

similar manner to the SPH-4 with regard to energv attenuation but
the helmet loss rate of the APH-5 was approximately twice that of
the SPH-4., Unfortunately, the anumbers were too small for a valid
statistical comparison of the APH-5 data with the SPH-4
‘experience. Nevertheless, tae dats is reported for the sake of
completeness and to demonstrate the success of the basic energy
attenvation design which was later used in the uPH-b design..
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1.
2.
,3°
4.
5.
6.
7.
8.
9.

10.

11.
12.

13.
14.

15.

16.

17.
18.
19
20.
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22.

APPENDIX B
ALSERP Helmet Review Fora

USAARL CASE No.

USASC CASE No.

AIRCRAFT TYPE

LAST NAME OF WEARER

SSN

WEARER'S AGE

HELMET TYPE

RELMET MANUFACTURER

RELMET CONTRACT No.

'POSITION OF WEARER IN AIRCRAFT AT TIME OF IMPACT: PILOT
COPILOT PASSENGER: LEFT MIDDLE RIGHT

SEAT ORIENTATION (FACING): FORWARD SIDE REAR

WAS THIS ACCIDENT FATAL TO THE HI'LMET WEARER?

YES _ No
WERE HEAD, NECK, OR FACE Iniukxss PRESENT?
YES NO
DID DEATH OCCUR AS A RESULT OF HEAD, NECK, OR FACE INJURIES?
COULD AN IMPROVED H%EEET—ﬁIVE §§§§Eﬁfﬁ‘rus SBVERITY OF INJURY’

WHAT FEATURE OF IMPROVEMENT WOULD HAVE LBaSBNFD THE SEVBRITY

.OF INJURY?

LIST INJURIES: #1-
| -
’3-
#4-
#5-"
6= |
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23.
& 24,
¥ 25.-
n 26.
.'-‘
> 27.
o
S
X 28.
15'
.f 30.
"'?g. 3.
2 32,
x; 33.
. 34,
¥ 35.
X 36.
§§ 37,
2y
% 38.
41
. 39.
5 40,
£y 41.
= 42.
;% | 43.
4 44,
A
My
%i,
L
Agg-‘
rgkaaﬂ%m

#7-
#8-
HEAD, NECK, FACE ABBREVIATED INJURY SCALE (AIS)

DID THE HELMET COME OFF THE WEARER'S HEAD?

" YES NO UNKNOWN
CHIN srkAp PAILURE?'!ES NO
nzrzur:on SYSTEM ATTACHMENT POINT FAILURE?
: YES NO
EABRCUP DAMAGE? = YES . NO

VISOR POSITION AT IMPACT?
up. . DOWN UNKNOWN K.V.G.

WAS vtsoﬁ;nn0xnnr_ YES  NO

"LIST IRJURIES CAUSED BY BROKEM VISOR:#1
’iz
3
#

DID BBLHET ROTATL AND EXPOSE HELMET TO INJURY?
: YES' NO

cLIp DAMAGE (LOOK DOWN INTO HELMET)? -Lefc'rronc

'(1=No Defor-ation)' - -Front .
(2-811ght_Defornation) ,Iz ~ =Right Front
(3-Hoderate Deforuation) . '-Rigﬁt'?ear .. .A
(6-Severe Defornation) S | ;-Reat | L
| | -Left éear o |

HELMET AVAILABLE? YES __  NO _
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IMPACT SURFACE INFORMATION:

pact Concave Flat Wedge Box Hemi-
No. ' : ' Corner sphere
- (5)

(1) (2) (3) (&)

Rod

(6)

Un~-

Impact Object
Struck

known Angle

(7)

(8)

(

9)

46.

47.

48.

49,

50.

51.:
52. -

53,
54.

55.

56.

57.

58.

59.
60.

61.

'IMPACT LOCATION: S

(IMPACT NO. & DAMAGE CODE IN APPROPRIATE BLANK)-

CROWN: FRONT
LEFT SIDE
RIGHT SIDE
REAR |
FRONT: LEFT
RIGHT
LEFT SIDE: FRONT
REAR
RIGHT SIDE: FRONT
REAR
REAR: LEFT

RIGHT
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(F - FRACTURE)
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63. PERMANENT FOAM COMPRESSION (BASBD ON THICKNESS OF

Impact - Major Minor Area Percent'Conpression at

b " No. Axis Axis ' Greatest Point

64.

65,

66.

67.

68.

REMARKS:

BB ANESS NS LIS 5.7 5 . A i B AD SN . AN S

—
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69. IMPACT SIMULATION POSSIBLE? YES
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